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MANUFACTURED BY THE CLEANING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve effectiveness 
for eliminating the particles of a substrate in supersonic 
cleaning with dissolved oxygen in a washing liquid and 
other dissolved gases which is reduced, for example, by 
vacuum dearation in advance to prevent a natural oxide 
film from formed generated in the substrate. 
SOLUTION: A cleaning tank 21 for cleaning a substrate, 
a means 22 for supplying the cleaning liquid to the 
cleaning tank 21, a ultrasonic vibration generation means 
25 for transferring vibrations to the cleaning liquid, a 
means 32 for reducing the pressure of a region including 
the surface of the cleaning liquid, and a shield 31 for 
encircling the region, including the surface of the 
cleaning liquid and maintaining a reduced pressure are 
provided. The substrate is subjected to ultrasonic 
cleaning, while the pressure of the region including the 
surface of the cleaning liquid is being reduced. 
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* NOTICES * 

Japan Patent Office is not responsible for 
any 

damages caused by the use of this 
translation. 

1. This document has been translated by 
computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be 
translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The substrate washing station 
characterized by to provide at least the 
washing tub which washes a substrate, a 
penetrant-remover supply means supply 
a penetrant remover to this washing tub, 
a supersonic-vibration generating means 
make supersonic vibration transmit to 
said penetrant remover, a 
reduced-pressure generating means 
decompress a field including said 
penetrant-remover side top, and 
shielding that STirroimds a field including 
said penetrant-remover side top, and 
maintains a reduced-pressure condition. 
[Claim 2] It is the substrate washing 
station according to claim 1 which said 
ultrasonic generating means has an 
ultrasonic transfer tub and an ultrasonic 
vibrator, and is characterized by 
transmitting supersonic vibration to said 
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penetrant remover through this 
ultrasonic transfer tub. 
[Claim 3] The substrate washing station 
characterized by to provide shielding 
which wraps a substrate rotation means 
rotate the laid substrate, the 
penetrant-remover supply nozzle which 
carries out the regurgitation of the 
penetrant remover on said substrate, a 
supersonic -vibration generating means 
make supersonic vibration transmit to 
said penetrant remover, and said 
substrate rotation means, said 
penetrant-remover supply nozzle and 
said supersonic-vibration generating 
means, entirely, and a reduced-pressure 
generating means decompress this 
interior of shielding, at least. 
[Claim 4] For said reduced pressure 
generating means, 3 is [ claim 1 
characterized by connecting with said 
shielding which maintains a reduced 
pressure condition thru/or ] the substrate 
washing station of a publication either. 
[Claim 5] For said supersonic vibration 
generating means, 4 is [ claim 1 
characterized by generating a supersonic 
wave 500kHz or more thru/or ] the 
substrate washing station of a 
publication either. 

[Claim 6] Claims 1, 2, 4, and 5 
characterized by supplying said 
penetrant remover supply means so that 
a penetrant remover may be overflowed 
in said washing tub, and performing 
overflow of this penetrant remover to 



generating and coincidence of said 
supersonic vibration are the substrate 
washing stations of a publication either. 
[Claim 7] Said penetrant remover to 
overflow is a substrate washing station 
according to claim 6 characterized by 
maintaining the reduced pressure 
condition of the field which includes a 
penetrant remover side top with said 
shielding. 

[Claim 8] For said substrate washing 
station, 7 is [ claim 1 characterized by 
providing at least a pressure detection 
means to detect the pressure of a field 
including said penetrant remover side top, 
and the pressure control means which 
outputs the signal which controls the 
pressure in said shielding based on the 
pressure detection result of this pressTire 
detection means to said reduced pressure 
generating means thru/or ] the substrate 
washing station of a publication either. 
[Claim 9] For said substrate washing 
station, 8 is [ claim 1 characterized by 
providing at least a dissolved gas 
detection means to detect the dissolved 
gas concentration of said penetrant 
remover, and the pressure control means 
which outputs the signal which controls 
the pressure in said shielding based on 
the concentration detection resvdt of this 
dissolved gas detection means to said 
reduced pressure generating means 
thru/or ] the substrate washing station of 
a publication either. 

[Claim 10] The substrate washing 
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approach characterized by having at least 
the process which supplies a penetrant 
remover to a substrate, the process which 
decompresses the pressure of a field 
including this penetrant remover side top, 
and the process which transmits 
supersonic vibration to said penetrant 
remover under a reduced pressure 
condition, and washes said substrate. 
[Claim 11] The penetrant remover which 
said substrate is installed in a washing 
tub and supplied to this substrate is the 
substrate washing approach according to 
claim 10 characterized by overflowing 
from said washing tub. 
[Claim 12] Said penetrant remover is the 
substrate washing approach according to 
claim 10 or 11 characterized by being the 
pure water by which the vacuum deairing 
was carried out. 

[Claim 13] 12 is [ claim 10 characterized 
by dissolving at least one kind in the rare 
gas of nitrogen, an argon, hehum, and 
hydrogen in said penetrant remover 
thru/or ] the substrate washing approach 
of a publication either. 
[Claim 14] For said reduced pressure 
condition, 13 is [ claim 10 characterized 
by being controlled based on the pressure 
in said shielding, and the concentration 
of the dissolved gas in said penetrant 
remover thru/or ] the substrate washing 
approach of a publication either. 
[Claim 15] The semiconductor device 
characterized by being manufactured 
using the washing approach of a 
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substrate of having at least the process 
which supplies a penetrant remover to a 
substrate, the process which 
decompresses the pressure of a field 
including this penetrant remover side top, 
and the process which transmits 
supersonic vibration to said penetrant 
remover under a reduced pressure 
condition, and washes said substrate. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to the technique for aiming at 
improvement in a particle elimination 
factor of a substrate also in ultrasonic 
cleaning in the condition of having 
reduced the dissolved oxygen and other 
dissolved gas in a penetrant remover 
especially for prevention of oxide film 
generating to a substrate, about the 
semiconductor device manufactured 
using a substrate washing station, the 
washing approach, and its approach. 
[0002] 

[Description of the Prior Art] Generally, 
in the treatment process of substrates, 
such as a semiconductor wafer, the 
washing process of a substrate is 
established for the purpose of removal of 
the organic substance leading to the 
defect of a semiconductor device, a metal 
impurity, particle, the natviral oxidation 
film, etc. 



[0003] Conventionally, especially at this 
washing process, the general technique 
used together ultrasonic cleaning as 
physical washing with chemical cleaning 
for particle (very fine particle is said.) 
removal. And in current, also among such 
ultrasonic cleaning, the conventional 
general-purpose ultrasonic cleaning 
(28kHz - lOOkHz) is replaced, and the 
so-called mega hertz ultrasonic cleaning 
(megasonic washing) by the frequency of 
500kHz or more comes to be in use. This 
responds to crystal destruction of a 
substrate besides the need for the 
detailed particle removal below the 
quarter micron size by the design rule 
also having been increasingly made 
detailed, suppression of static electricity 
destructive induction, and the request of 
washing equalization on the fi'ont face of 
a substrate with improvement in the 
accumulation technique of a 
semiconductor chip ("megasonic 
generating and washing" Clean 
Technology 1996.6.). 

[0004] It is common to perform a vacuum 
deairing on the other hand, in order to 
inhibit growth of the natural oxidation 
film and to reduce the dissolved oxygen 
which causes natural oxidation film 
generating in the production process of 
the ultrapure water used as a penetrant 
remover at the above-mentioned washing 
process. And also in this vacuum deairing, 
in connection with detailed-izing of the 
above-mentioned design rule, the 
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degassing engine performance is 
improved and it is in the situation 
searched for increasingly to reduce 
dissolved oxygen further from before. In 
this way, the ultrapvire water after 
dissolved gas (dissolved oxygen, dissolved 
nitrogen, etc.) was fully reduced is offered 
as a penetrant remover for particle 
removal at the time of mega hertz 
washing. 

[0005] In the former, two requests called 
the request of the improvement in the 
engine performance of the vacuum 
deairing of the ultrapure water for this 
natural oxidation fQm growth 
suppression and the request of the 
improvement in a particle elimination 
factor were not what is contradictory in 
any way. When the ultrapure water with 
which dissolved gas was fully reduced is 
used for mega hertz ultrasonic cleaning, 
it stops namely, generating so much the 
cavitation caused by dissolved gas. 
Although the established theory of the 
mechanism of how the particle on a wafer 
is removed by cxirrent and ultrasonic 
cleaning was not established yet, 
generally it had become accepted theory 
that particle ****s by vibration of the 
water molecule by the supersonic wave. 
For this reason, it is because [ existence 
of cavitation having propagation of the 
pressure wave resulting from vibration of 
this water molecule barred conventionally, 
therefore inhibiting generating of 
cavitation ] it is connected with 



improvement in a particle elimination 
factor as it is. In addition, cavitation says 
the phenomenon which a cavity 
generates in the liquid which flows by the 
gas contained in a liquid dissociating and 
generating air bubbles here, and the 
pressure which joins a liquid besides the 
amount of dissolved gas in a liquid, the 
temperature of a liquid, etc. are 
mentioned as a fluctuation element about 
the yield. 

[0006] However, it recently newly became 
clear that the cavitation itself acted 
effective in particle removal in mega 
hertz idtrasonic cleaning, i.e., generating 
of cavitation is needed for efficient 
particle removal. 

[0007] The experimental data shown in 
drawing 4 suggests the need for this 
cavitation. That is, drawing 4 shows 
correlation with the dissolved 
concentration of the nitrogen in the pure 
water which is a penetrant remover, and 
the number of the increments in particle 
on a wafer. It is shown that the 
effectiveness of particle removal is so 
high that the number of increase and 
decrease of particle when particle 
specifically performs ultrasonic cleaning 
(the ultrasonic frequency of 850MHz, 
exposure during 10 minutes) using the 
pure water which controlled nitrogen 
concentration for the 8 inch wafer to 
which it is sticking before and after 200 
pieces under atmospheric pressure is 
made into a graph and the number of 
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increments is subtracted. It can be 
referred to as being that by which 
particle removal is made so much to 
decrease the particle on a substrate so 
much from here, if the concentration of 
the nitrogen which is one of the dissolved 
gas in pure water is high if there is much 
generating of the cavitation which can 
read, therefore is excited from dissolved 
gas. 

[0008] In here, it was foimd out that two 
requests called the request of the 
improvement in the engine performance 
of the vacuum deairing of the ultrapure 
water for above-mentioned natural 
oxidation film growth suppression and 
the request of the improvement in a 
particle elimination factor have the 
relation of a trade off. That is, when 
raising the precision of the vacuum 
deairing of ultrapure water for natxural 
oxidation film growth suppression, so 
much, generating of cavitation will be 
inhibited and a new problem [ say / that 
improvement in a particle elimination 
factor will be made to some extent into a 
sacrifice ] will arise. 

[0009] The equipment of drawing 2 is 
mentioned as an example of the 
conventional common substrate washing 
station. 

[OOlO] The feed hopper 2 of the ultrapxire 
water used as a penetrant remover is 
formed in the pars basilaris ossis 
occipitalis of the washing tub 1 made 
from the quartz for washing a substrate. 



and the ultrasonic transfer tub 4 for 
transmitting a supersonic wave to the 
interior of the washing tub 1 is formed 
around this washing tub 1. Moreover, the 
ultrasonic vibrator 5 for generating a 
supersonic wave 500kHz or more is 
installed in the lower part of this 
ultrasonic transfer tub 4. 
[001 1] Moreover, in the ultrapure water 
production process whose ultrapure 
water 6 used as a penetrant remover is 
another process, the vacuum deairing is 
made enough. 

[0012] Mega hertz ultrasonic cleaning 
based on this configuration is made as 
follows. That is, the substrate of the 
semiconductor wafer 3 grade which is a 
washed object is first installed in the 
interior of the washing tub 1 at the time 
of mega hertz ultrasonic cleaning. And 
the ultrapure water 6 which is a 
penetrant remover is supplied to the 
washing tub 1 interior with the sense to 
the upper part [ lower part ] from the feed 
hopper 2 of ultrapure water, the 
ultrapure water 6 supplied in the 
conventional exampile of drawing 2 ■ ■ the 
overflow from the upper part of the 
washing tub 1 ■■ the format of the 
so-called over flow rinse of overflowing as 
a stream 7 is taken. Particle is removed 
by an ultrasonic vibrator's 5 working and 
adding supersonic vibration to a 
semiconductor wafer 3 at the time of 
overflow supply of this ultrapure water 6. 
[0013] However, sufficient cavitation was 
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not able to be generated even if 
supersonic vibration was added at the 
time of washing, since a vacuum de airing 
was made and dissolved gas was falling 
like **** to ultrapure water 6. 
[0014] As mentioned above, in the 
conventional substrate washing station, 
if the ultrapure water which fully 
performed the vacuum deairing is used as 
a penetrant remover, in mega hertz 
ultrasonic cleaning, generating of 
cavitation will be inhibited so much and 
improvement in a particle elimination 
factor cannot fully be aimed at. 
[0015] That is, in having used the 
conventional substrate washing station 
and the washing approach, the trouble 
that two requests called the request of 
the improvement in the engine 
performance of the vacuum deairing for 
above-mentioned natural oxidation fQm 
growth suppression and the request of 
the improvement in a particle 
elimination factor could not be fiUed to 
coincidence arose. 
[0016] 

[Problem(s) to be Solved by the 
Invention] As mentioned above, the 
request of the improvement in the engine 
performance of the vacuum deairing for 
natural oxidation film growth 
suppression [ in / in this invention / the 
conventional technique ], The place which 
it is made in order to solve the trouble 
that two requests called the request of 
the improvement in a particle 



elimination factor cannot be filled to 
coincidence, and is made into the purpose 
Also in the condition of having reduced 
the dissolved oxygen and other dissolved 
gas in a penetrant remover beforehand 
for prevention of natural oxidation film 
generating to a substrate Cavitation is 
fully generated and it is in offering the 
washing station possessing the ultrasonic 
vibrator which can aim at improvement 
in a particle elimination factor of a 
substrate. 

[0017] In addition, it is shown in aiming 
at prevention of natural oxidation film 
generating to a substrate, and aiming at 
improvement in a particle elimination 
factor to coincidence also by washing of 
long duration, further, by preventing the 
dissolution of the easily dissolvable 
solution gas out of the atmospheric air at 
the time of washing. 

[0018] Moreover, other purposes are 
shown in attaining crystal destruction of 
a substrate besides the detailed particle 
removal below quarter micron size, 
suppression of static electricity 
destructive induction, and equalization of 
washing on the front face of a substrate 
by making ultrasonic cleaning into mega 
hertz ultrasonic cleaning. 
[0019] Moreover, other purposes are 
shown in aiming at prevention of 
resoiling of a substrate by the particle 
after the desorption intermingled in a 
penetrant remover by working said 
decompression device, supplying so that a 
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penetrant remover may be overflowed. 
[0020] Moreover, by maintaining a 
reduced pressure condition using an 
overflow penetrant remover, other 
purposes are simple equipment and an 
approach and are to realize reduced 
pressure at the time of said ultrasonic 
cleaning. 

[0021] Moreover, other purposes are by 
establishing a means to detect the 
fluctuation element about cavitation 
generating and to control a pressure to 
realize reduced pressure by the optimal 
control pressure for particle removal. 
[0022] Furthermore, the purpose of this 
invention is to offer the 
ultrasonic-cleaning approach of a 
substrate that cavitation is fully 
generated and improvement in a particle 
elimination factor of a substrate can be 
aimed at also in the condition of having 
reduced the dissolved oxygen in a 
penetrant remover beforehand, for 
prevention of natural oxidation film 
generating to a substrate. 
[0023] Furthermore, the purpose of this 
invention is to offer the semiconductor 
device similarly manufactured using the 
ultrasonic-cleaning approach that 
cavitation is fully generated and 
improvement in a particle elimination 
factor of a substrate can be aimed at also 
in the condition of having reduced the 
dissolved oxygen in a penetrant remover 
beforehand, for prevention of natural 
oxidation film generating to a substrate. 



[0024] 

[Means for Solving the Problem] It is 
characterized by to provide at least the 
washing tub to which this invention 
equipment (claim l) washes a substrate 
in short, a penetrant remover supply 
means supply a penetrant remover to this 
washing tub, a supersonic-vibration 
generating means make supersonic 
vibration transmit to said penetrant 
remover, a reduced-pressure generating 
means decompress a field including said 
penetrantremover side top, and 
shielding that surroxmd a field including 
said penetrant remover side top, and 
maintain a reduced-pressure condition. 
[0025] In addition, although reduced 
pressure means usually decompressing 
below to atmospheric pressure, it says 
decompressing below in the ambient 
atmosphere in a clean room at least here. 
[0026] According to the above-mentioned 
configiiration, the amount of dissolved 
gas in a penetrant remover can generate 
more cavitation rather than the case 
under an atmospheric pressure at least 
by decompressing the field which 
includes a penetrant remover side top at 
the time of ultrasonic cleaning. That is, it 
becomes possible by making coincidence 
generate desired cavitation to aim at 
improvement in a particle elimination 
factor of a substrate, falling the amounts 
of dissolved gas, such as oxygen in a 
penetrant remover, and preventing 
natural oxidation film generating to a 
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substrate, 

[0027] Moreover, by decompressing the 
field which includes a penetrant remover 
side top similarly at the time of 
ultrasonic cleaning, the dissolution of the 
easily dissolvable solution gas in 
atmospheric air can be prevented, low 
dissolved gas concentration is maintained, 
and specific resistance degradation of a 
penetrant remover is prevented. That is, 
also in ultrasonic cleaning of long 
duration, it becomes possible to inhibit 
natural oxidation film generating to a 
substrate. 

[0028] Moreover, in invention of claim 2, 
said ultrasonic generating means has an 
ultrasonic transfer tub and an ultrasonic 
vibrator, and supersonic vibration 
becomes possible [ acquiring the same 
effectiveness as the equipment of 
above-mentioned claim 1 ] by 
transmitting to said penetrant remover 
through this ultrasonic transfer tub. 
[0029] Moreover, a substrate rotation 
means to rotate the laid substrate in 
invention of claim 3, The penetrant 
remover supply nozzle which carries out 
the regurgitation of the penetrant 
remover on said substrate, and a 
supersonic vibration generating means to 
make supersonic vibration transmit to 
said penetrant remover. It becomes 
possible to acquire the same effectiveness 
as the equipment of above-mentioned 
claim 1 by providing at least shielding 
which wraps said substrate rotation 



means, said penetrant remover supply 
nozzle, and said supersonic vibration 
generating means entirely, and a reduced 
pressure generating means to 
decompress this interior of shielding. 
[0030] Moreover, in invention of claim 4, 
said reduced pressure generating means 
becomes possible [ acquiring the same 
effectiveness as the equipment of 
above-mentioned claim 1 too ] by 
connecting with said shielding which 
maintains a reduced pressure condition. 
[0031] Moreover, in invention of claim 5, 
said supersonic vibration generating 
means becomes possible [ attaining 
crystal destruction of a substrate besides 
the detailed particle removal below 
quarter micron size, suppression of static 
electricity destructive induction, and 
equalization of washiag of a substrate 
side ] by generating a supersonic wave 
500kHz or more. 

[0032] In invention of claim 6 moreover, 
said penetrant remover supply means It 
supplies so that a penetrant remover may 
be overflowed in said washing tub. 
Overflow of this penetrant remover By 
being carried out to generating and 
coincidence of said supersonic vibration, 
the particle after the desorption 
intermingled in a penetrant remover can 
be discharged from the washing station 
upper part, an always new penetrant 
remover can wash a substrate, and it 
becomes possible to aim at prevention of 
resoiliQg of the substrate by the particle 
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after desorption. 

[0033] Moreover, in invention of claim 7, 
by maintaining the reduced pressure 
condition of the field which includes a 
penetrant remover side top with said 
shielding, in order to give reduced 
pressure at the time of ultrasonic 
cleaning, large -scale-ization of the 
equipment of forming the reduced 
pressure chamber of dedication etc. in the 
exterior of the washing station itself 
becomes unnecessary, and said penetrant 
remover to overflow can realize reduced 
pressure with simple equipment. 
[0034] Furthermore, in invention of 
claims 8 and 9, it is possible to transmit 
the value of the reduced pressure which 
cannot be set up uniformly according to a 
situation, and to realize reduced pressure 
by the optimal control pressure for 
particle removal by providing at least a 
detection means detect the fluctuation 
element about cavitation generating, and 
the pressure control means which 
outputs the signal which controls the 
pressure in said shielding based on this 
detection result to said reduced-pressvtre 
generating means. In addition, 
specifically, a detection means means a 
pressure sensor and a dissolved gas 
concentration sensor here. 
[0035] Moreover, this invention approach 
(claim 10) is characterized by providing 
at least a dissolved gas detection means 
to detect the dissolved gas concentration 
of said penetrant remover, and the 



pressure control means which outputs 
the signal which controls the pressure in 
said shielding based on the concentration 
detection result of this dissolved gas 
detection means to said reduced pressure 
generating means. 

[0036] According to this approach, the 
amount of dissolved gas in a penetrant 
remover can generate more cavitation 
rather than the case under an 
atmospheric pressure at least by 
decompressing the field which includes a 
penetrant remover side top at the time of 
ultrasonic cleaning. That is, it becomes 
possible by making coincidence generate 
desired cavitation to aim at improvement 
in a particle elimination factor of a 
substrate, falling the amounts of 
dissolved gas, such as oxygen in a 
penetrant remover, and preventing 
natural oxidation film generating to a 
substrate. Moreover, by decompressing 
the field which includes a penetrant 
remover side top similarly at the time of 
ultrasonic cleaning, the dissolution of the 
easily dissolvable solution gas in 
atmospheric air can be prevented, low 
dissolved gas concentration is maintained, 
and specific resistance degradation of a 
penetrant remover is prevented. That is, 
also in ultrasonic cleaning of long 
duration, it becomes possible to inhibit 
natural oxidation film generating to a 
substrate. In addition, a predetermined 
pressure means the pressure below the 
pressure in a washing station here. 



JP10-335294 



- 10- 



[0037] Moreover, in invention of claim 11, 
by installing said substrate in a washing 
tub and overflowing the penetrant 
remover supplied to this substrate from 
said washing tub, the particle after the 
desorption intermingled in a penetrant 
remover can be discharged from the 
washing station upper part, an always 
new penetrant remover can wash a 
substrate, and it becomes possible to aim 
at prevention of resoiling of the substrate 
by the particle after desorption. 
[0038] Moreover, in invention of claim 12, 
since dissolved gas is reduced by being 
the pure water by which the vacuum 
deairing was carried out at the time of 
washing, said penetrant remover 
becomes possible [ being given without 
reducing the effectiveness which this 
invention brings about ]. 
[0039] Moreover, in invention of claim 13, 
without degrading the specific resistance 
of ultrapure water, when at least one 
kind in the rare gas of nitrogen, an argon, 
helium, and hydrogen is dissolved, into 
said penetrant remover, more cavitation 
is generated and it becomes possible to 
raise a particle ehmination factor further. 
[0040] Moreover, in invention of claim 14, 
by being controlled based on the pressure 
in said shielding, and the concentration 
of the dissolved gas in said penetrant 
remover, the value of the reduced 
pressure which cannot be set up 
uniformly is transmitted according to a 
situation, and said reduced pressure 



condition can realize reduced pressure by 
the optimal control pressure for particle 
removal. 

[0041] Furthermore, the semiconductor 
device (claim 15) of this invention is 
characterized by being manufactured 
using the washing approach of a 
substrate of having at least the process 
which supplies a penetrant remover to a 
substrate, the process which 
decompresses the pressure of a field 
including this penetrant remover side top, 
and the process which transmits 
supersonic vibration to said penetrant 
remover under a reduced pressure 
condition, and washes said substrate. 
[0042] According to this semiconductor 
device, the amount of dissolved gas in a 
penetrant remover can generate more 
cavitation rather than the case under an 
atmospheric pressure at least by 
decompressing the field which includes a 
penetrant remover side top at the time of 
ultrasonic cleaning. That is, it becomes 
possible by making coincidence generate 
desired cavitation to aim at improvement 
in a particle elimination factor of a 
substrate, falling the amounts of 
dissolved gas, such as oxygen in a 
penetrant remover, and preventing 
natural oxidation film generating to a 
substrate. Moreover, by decompressing 
the field which includes a penetrant 
remover side top similarly at the time of 
ultrasonic cleaning, the dissolution of the 
easily dissolvable solution gas in 
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atmospheric air can be prevented, low 
dissolved gas concentration is maintained, 
and specific resistance degradation of a 
penetrant remover is prevented. That is, 
also in ultrasonic cleaning of long 
duration, it becomes possible to inhibit 
natural oxidation film generating to a 
substrate. Therefore, the semiconductor 
device dependability and whose yield 
improved more can be obtained. 
[0043] 

[Embodiment of the Invention] 
This invention is explained based on the 
1st operation gestalt shown in a drawing 
below the 1st operation gestalt. In 
drawing 1 , the substrate washing station 
concerning this invention is equipped 
with the washing tub 21, the ultrasonic 
transfer tub 24, the reduced pressure 
shielding 31, a decompression device 32, 
puU-up equipment 34, and a pressure 
controller 35. 

[0044] In addition, in this operation 
gestalt, it explains about the case where a 
semiconductor wafer is washed as one of 
the substrates. However, a washed object 
is not limited to this and can be aimed at 
a general substrate, such as a substrate 
substrate for forming an integrated 
circuit, and a mask substrate for 
exposure. 

[0045] In drawing 1 , the feed hopper 22 
of the ultrapure water used as a 
penetrant remover is formed in the pars 
basilaris ossis occipitalis of the washing 
tub 21 made from the quartz for washing 



a semiconductor wafer, and ultrapure 
water 26 is supplied upwards from a 
lower part in the washing tub 21 from 
this feed hopper 22. 

[0046] In addition, although this 
operation gestalt is a configuration on 
condition of washing by the over flow 
rinse method, even if a washing method 
is not only this but a quick-dump-rinse 
method, it is possible. However, if it is 
made an over flow rinse method, the 
particle after the desorption intermingled 
in a penetrant remover can be made to be 
able to overflow fi-om the washing tub 21 
upper part, it can discharge, an always 
new penetrant remover can wash a 
semiconductor wafer, and prevention of 
re soiling of the semiconductor wafer by 
the particle after desorption can be aimed 
at, 

[0047] The ultrasonic transfer tub 24 for 
transmitting a supersonic wave to the 
washing tub 21 interior is formed around 
said washing tub 21, and the lower part 
of the ultrasonic transfer tub 24 is made 
to generate a supersonic wave 500kHz or 
more, and the ultrasonic vibrator 25 
transmitted in said washing tub 21 is 
installed. 

[0048] In addition, although it is the 
so-called indirect method which 
constitutes the washing tub 21 separately 
as an inner lift of the ultrasonic transfer 
tub 24 with this operation gestalt, not 
only this but both configuration can be 
considered as the so called direct method 
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which unified both. In this case, bigger 
ultrasonic reinforcement can be obtained. 
[0049] Moreover, in the ultrapure water 
production process whose ultrapure 
water 26 used as a penetrant remover is 
another process, the vacuum deairing is 
made enough. 

[0050] In addition, in the case of 
ultrapure water, it can be enjoyed from 
the vacuum deairing being made that it 
can be used as a penetrant remover, 
without reducing the effectiveness which 
this invention brings about, although not 
necessarily limited to ultrapure water. 
[0051] Moreover, more cavitation is 
generated without degrading the specific 
resistance of ultrapure water, if rare gas, 
such as an argon (Ar), helium (helium), 
and hydrogen, is added to this ultrapure 
water, and it becomes possible to raise a 
particle ehmination factor further. 
[0052] The reduced pressure shielding 31 
is formed in the upper part of the 
washing tub 21 and the ultrasonic 
transfer tub 24 so that both may be 
surrounded. In addition, it says 
surrounding here so that the upper part 
may be covered as envelopment, as 
shown in drawing 1 , and the condition of 
not being in contact with the washing tub 
21 and the ultrasonic transfer tub 24 is 
said, the overflow into which spacing of 
the reduced pressure shielding 31 and 
the ultrasonic transfer tub 24 flows out of 
the washing tub 21 upper part via the 
ultrasonic transfer tub 24 upper part - 



with a stream 27, this spacing is buried 
and it is set as extent which can maintain 
a reduced pressure condition. 
[0053] in addition, this operation gestalt 
overflow although it is the method 
which maintains a reduced pressure 
condition by carrying out the seal of the 
inside of reduced pressure shielding with 
a stream 27, the . reduced pressure 
shielding 31 can also be constituted with 
the method of a reduced pressure 
chamber so that a reduced pressure 
maintenance means may not be limited to 
this, for example, the washing tub 21 and 
ultrasonic transfer tub 24 whole may be 
entirely wrapped with the reduced 
pressure shielding 31. however, this 
overflow - by adopting the method which 
carries out the seal of the inside of 
reduced pressure shielding with a stream, 
it is a simpler equipment configuration 
and becomes maintainable [ the same 
reduced pressure condition as a reduced 
pressure chamber ]. 

[0054] The reduced pressure shielding 31 
is connected to the decompression device 
32 by the duct 33, and the decompression 
device 32 has inverter equipment 39, the 
motor (illustration abbreviation) driven 
with inverter equipment 39, and the 
blower 40 which rotates by the motor. 
Inverter equipment 39 is used in order to 
control the rotational frequency of the 
motor for rotating a blower 40. The 
blower 40 is fixed with the pivotable 
condition inside the decompression device 
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32. 

[0055] Pull-up equipment 34 has fixed in 
the upper part of the reduced pressure 
shielding 31, and has composition which 
can move up and down with reduced 
pressure shielding. 

[0056] Between the pressTire sensor 36 
attached in reduced pressure shielding 31 
wall and the dissolved gas concentration 
sensors 37 in ultrapure water attached in 
ultrapure water supply pipe 28 wall is 
separately connected by the signal line 38, 
respectively, and the pressure controller 
35 is connected by the signal line 38 for 
transmitting pressxire control 

information to the mist beam between 
the end of a pressure controller 35, and 
decompression devices 32, and this 
decompression device 32. 
[0057] In addition, this operation gestalt 
is applicable also to any of the multi-tub 
batch method in the gestalt of a 
semiconductor wafer washing tub, and a 
single tub batch method. 
[0058] And the washing approach 
concerning this invention is the washing 
approach of the substrate characterized 
by having the process which supplies a 
penetrant remover to a substrate, the 
process which decompresses the pressure 
of a field including a penetrant remover 
side top, and the process which transmits 
supersonic vibration to a penetrant 
remover imder a reduced pressure 
condition, and washes a substrate. 
[0059] Moreover, the semiconductor 



device concerning this invention is a 
semiconductor device characterized by 
being manufactured using the washing 
approach of a substrate of having the 
process which supplies a penetrant 
remover to a substrate, the process which 
decompresses the pressure of a field 
including a penetrant remover side top, 
and the process which transmits 
supersonic vibration to a penetrant 
remover under a reduced pressure 
condition, and washes a substrate. 
[0060] This operation gestalt is 
constituted as mentioned above, and 
explains the operation hereafter. In 
washing a semiconductor wafer using 
this operation gestalt, as drawing 1 is 
shown, it installs first the semiconductor 
wafer 23 which is a washed object in the 
washing tub 21. It precedes starting 
washing and the reduced pressure 
shielding 31 surrounds the upper part of 
the washing tub 21 and the ultrasonic 
transfer tub 24 by [ to which it pulls up 
and equipment 34 moves caudad ] having 
moved up on the occasion of installation 
of a semiconductor wafer 23 and ejection. 
[0061] The ultrapure water 26 which is 
the penetrant remover of a semiconductor 
wafer is supplied to the interior of the 
washing tub 21 upwards from the bottom 
from the ultrapure water feed hopper 22 
via the ultrapvu^e water supply pipe 28. 
The supplied ultrapure water 26 is the 
phase where the amount exceeding the 
capacity of the washing tub 21 was 
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supplied, and flows out of the verge of the 
upper part of the washing tub 21 toward 
an outside. The condition of the so-called 
overflow that the ultrapure water 
supplied continuously flows out of the 
verge of the upper part of the ultrasonic 
transfer tub 24 toward an outside in the 
phase which the capacity of the 
ultrasonic transfer tub 24 also exceeded 
further further arises. In the case of this 
overflow condition, the ultrasonic 
vibrator 25 has generated the supersonic 
wave, and the decompression device 32 is 
controlled to work, when this ultrasonic 
vibrator 25 is in a drive condition. A 
decompression device 32 changes a 
pressure by controlling the rotational 
frequency of a blower 40 by the inverter 
equipment 39 which it has. In addition, it 
changes to a blower 40, and even if it uses 
a reduced pressure pump, it does not 
interfere at all. 

[0062] The atmospheric air of the reduced 
pressure shielding 31 interior is 
decompressed through a duct 33 by 
rotation of the blower 40 which a 
decompression device 32 has. In order 
that said overflow water may carry out 
the seal of the ultrasonic transfer tub 24 
to the reduced pressure shielding 31, a 
pressure is controlled and the reduced 
pressure shielding 31 interior is 
maintained by the predetermined 
reduced pressure condition. 
[0063] in addition, the pressure in the 
reduced pressure shielding 31 ■■ overflow 



- although the water level of a stream 27 
goes up - a situation ■ responding - the 
overflow between the reduced pressure 
shielding 31 and the ultrasonic transfer 
tub 24 a stream 27 may be attracted 
and discharged with a pump 41. 
[0064] The pressure in reduced pressure 
shielding in this reduced pressvire 
condition is notified to a pressure 
controller 35 by the pressure sensor 36 
through a signal line 38. Moreover, the 
concentration of the dissolved gas of the 
ultrapure water currently supplied in the 
washing tub 21 is too notified to a 
pressure controller 35 by the dissolved 
gas concentration sensor 37 through 
another signal line 38. From the value of 
these both fluctuation element, a 
pressure controller 35 computes the 
optimal setting pressure in the reduced 
pressure shielding 31, and notifies this 
optimal setting pressure through a signal 
line 38 to a decompression device 32. The 
inside of reduced pressure shielding is 
controlled by this notified value by the 
optimal pressure for particle removal. 
[0065] Since the optimal pressure to 
particle removal changes also with the 
concentration of the dissolved gas in the 
ultrapure water supplied at the time, 
control pressure in reduced pressure 
shielding cannot generally be ******(ed). 
For this reason, this detection means is 
useful in the point that the always 
optimal pressure for particle removal can 
be offered. 
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[0066] According to this operation gestalt, 
the following quantitive effectiveness was 
acquired. That is, when dissolved 
nitrogen concentration performed 
ultrasonic irradiation and washed a 
semiconductor wafer with the washing 
station of the conventional technique 
shown in drawing 2 using the ultrapure 
water which is 10 ppm as a penetrant 
remover, even if it carried out this 
ultrasonic irradiation, most cavitation is 
in the condition which is not produced, 
and it did not pass over the particle 
elimination factor on a semiconductor 
wafer to 20% or less. In addition, the 
saturated concentration of the dissolved 
nitrogen of the ultrapure water under 
atmospheric pressure is about 20 ppm. 
[0067] When dissolved nitrogen 
concentration performed ultrasonic 
irradiation with the ultrasonic vibration 
frequency of 850kHz and washed a 
semiconductor wafer similarly with the 
washing station concerning this 
invention shown in drawing 1 using the 
ultrapure water which is 10 ppm as 
compared with this, the inside of reduced 
pressure shielding was controlled by the 
pressure controller 35 to 50kPa(s). By 
giving this reduced pressure, it will be in 
the condition near supersatiiration, 
dissolved nitrogen will foam easily by the 
exposure of a supersonic wave, cavitation 
will arise, and the particle elimination 
factor of dissolved nitrogen in said 
ultrapure water on a semiconductor 



wafer improved by leaps and bounds with 
80% or more. 

[0068] Moreover, in this operation gestalt, 
as for drawing 5 , change of the presswe 
in the reduced pressure shielding 31 and 
the elimination factor of particle 0.2 
micrometers or more are seen using 
ultrapure water, and in this case, the 
elimination factor rose rapidly from 
60kPa, and it reached to 83% in 50kPa, 
and the removal engine performance 
became 95% and is mostly saturated with 
40kPa. However, as mentioned above, in 
order that this removal performance 
curve may change also with the dissolved 
gas concentration in the ultrapure water 
supplied, this is detected and the inside of 
reduced pressure shielding is controlled 
by said pressure controller 35 by the 
optimal pressure. 

[0069] Moreover, drawing 6 is what 
showed the comparison with the relation 
between the depth in the washing tub in 
the conventional technique, and the 
specific resistance of ultrapure water, the 
depth in the washing tub in the washing 
station concerning this invention, and the 
relation of the specific resistance of 
ultrapure water. It is the easily 
dissolvable solution gas 2 in the 
atmospheric air which affects the specific 
resistance of ultrapure water in the 
washing station applied to this invention 
from here, for example, CO. Since the 
dissolution is prevented, also in the field 
on a penetrant remover side, it can read 
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that specific resistance degradation of 
ultrapure water is not seen. It is the 
phase of washing of the semiconductor 
wafer which it is at the use time of 
ultrapure water even if a vacuum 
deairing is conventionally made in an 
ultrapure water production process, and 
is C02 from the inside of atmospheric air 
again. 02 By dissolving into xiltrapure 
water liquid, it had become the cause of 
generating of the natmal oxidation film. 
Specific resistance degradation of the 
oil-level upper part is mainly C02. 
Although it originates, it is 02 to 
coincidence. Dissolving is understood 
easily. However, it is this 02 and C02 by 
maintaining the field on an od level in 
the reduced pressure condition in this 
invention at the time of washing. The 
dissolution is prevented, therefore 
generating of the natural oxidation film 
to the semiconductor wafer top at the 
time of washing is further inhibited from 
before. 

[0070] The 2nd operation gestalt, next 
the 2nd operation gestalt are explained 
based on drawing 3 . 

[0071] In drawing 3 , the semiconductor 
wafer washing station concerning this 
invention is constituted by the so called 
spin single wafer processing, and is 
equipped with the wafer chuck 52, the 
penetrant remover regurgitation nozzle 
54, the waste fluid interim storage tank 
57, the reduced pressure pump 59, and 
the reduced pressure chamber 60. 



[0072] The wafer chuck 52 is fixed by the 
wafer rotary motor 53 with the revolving 
shaft, and when a semiconductor wafer 
51 is laid in the upper part, it is 
constituted so that a semiconductor wafer 
51 may be perpendictdarly rotated to a 
revolving shaft. Moreover, the ultrasonic 
vibrator 55 has fixed for the penetrant 
remover regurgitation nozzle 54. 
[0073] The encapsulation of the wafer 
chuck 52 and the whole penetrant 
remover regurgitation nozzle 54 is 
carried out to right and left by the 
reduced pressure chamber 60 which has 
the load lock 56 which can be opened and 
closed. Moreover, the reduced pressure 
pump 59 is connected to the reduced 
pressure chamber 60 through the waste 
fluid interim storage tank 57. The waste 
fluid bulb 58 is formed in the lower part 
at the waste fluid interim storage tank 57. 
[0074] This operation gestalt is 
constituted as mentioned above, and 
explains the operation hereafter. When 
washing a semiconductor wafer using the 
equipment of this operation gestalt, first, 
the left load lock 56 is opened, a 
semiconductor wafer is carried in, and it 
sets to the wafer chuck 52. Then, a load 
lock 56 and the waste fluid bulb 58 are 
closed, the inside of the reduced pressiire 
chamber 60 is made into a sealing 
condition, the reduced pressure pump 59 
is worked, and the interior of the reduced 
pressure chamber 60 is decompressed 
below to atmospheric pressure. 
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Continuously, the washed object slack 
semiconductor wafer 51 is rotated by 
working the wafer rotary motor 53. 
[0075] While the inside of the reduced 
pressure chamber 60 carries out the 
regurgitation from the penetrant remover 
regurgitation nozzle 54 to the 
semiconductor wafer 51 while rotating a 
penetrant remover in the phase 
decompressed to the setting pressure, a 
supersonic wave occvirs with an 
ultrasonic vibrator 55. 
[0076] In the phase which washing of a 
semiconductor wafer ended, the 
penetrant remover regurgitation, an 
ultrasonic oscillation, and rotation of a 
semiconductor wafer are suspended, 
operation of the reduced pressure pump 
59 is stopped further, and the inside of 
the reduced pressure chamber 60 is 
returned to atmospheric pressure. 
[0077] The right load lock 56 is opened, 
the washed semiconductor wafer is taken 
out, and it delivers to degree process. The 
waste fluid bulb 55 is opened and the 
penetrant remover which was able to be 
stored on the waste flxiid interim storage 
tank 57 is discharged. 
[0078] In addition, also in this operation 
gestalt, reduced pressure by the optimal 
control pressure for particle removal is 
realizable like the 1st operation gestalt 
by forming a pressure sensor, a dissolved 
gas concentration sensor, and a pressure 
controller. 

[0079] According to this operation gestalt, 



the same effectiveness is as enjoyable as 
the 1st operation gestalt brings also in 
the washing station of spin single wafer 
processing which does not use a washing 
tub. 
[0080] 

[Effect of the Invention] As explained 
above, according to this invention, 
effectiveness which is indicated below is 
done so. 

[0081] That is, since the decompression 
device for decompressing the field on a 
penetrant remover side to the washing 
station possessing an ultrasonic vibrator 
below at washing station internal 
pressure is provided, nearby cavitation 
many can be generated from the case 
under an atmospheric pressure. 
Therefore, it becomes possible to fully 
generate cavitation also in ultrasonic 
cleaning in the condition of having 
reduced the dissolved oxygen and other 
dissolved gas in a penetrant remover by 
the vacuum deairing etc. beforehand, for 
prevention of natural oxidation film 
generating to a substrate. Consequently, 
the effectiveness that improvement in a 
particle elimination factor of a substrate 
can be aimed at is acquired. 
[0082] Since the dissolution of the easily 
dissolvable solution gas out of the 
atmospheric air at the time of washing is 
prevented by coincidence and low 
dissolved oxygen concentration is 
maintained, the effectiveness that 
prevention can be aimed at is further 
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acquired in natural oxidation film 
generating to a substrate. That is, under 
an atmospheric pressure, generating of 
cavitation which suited trade-off relation, 
and natural oxidation film prevention 
will be attained by coincidence. The 
effectiveness of the particle removal 
leading to the defect of a semiconductor 
chip wiU increase by this, and the 
dependability of a semi-conductor 
product and the effectiveness of 
improvement in the yield will be done so. 
[0083] Moreover, since ultrasonic 
cleaning is performed by mega hertz 
ultrasonic cleaning, the effectiveness that 
crystal destruction of a substrate besides 
the detailed particle removal below 
quarter micron size, suppression of static 
electricity destructive induction, and 
equalization of washing on the front face 
of a substrate can be attained is acquired. 
[0084] Moreover, since said reduced 
pressure is performed carrying out 
overflow supply of the penetrant remover, 
the effectiveness that prevention of 
resoiling of a substrate by the particle 
after the de sorption intermingled in a 
penetrant remover can be aimed at is 
acquired. 

[0085] Furthermore, since a reduced 
pressure condition is maintained for 
overflow penetrant remover itself, the 
effectiveness that the reduced pressure at 
the time of said ultrasonic cleaning is 
realizable by simple equipment and a 
simple approach is acquired. By this, the 



rise of the washing cost of the substrate 
accompanying the effectiveness of 
improvement in the yield of the 
above-mentioned semi-conductor product 
will be inhibited, the effectiveness which 
can raise the throughput in washing will 
be done so, increase of the footprint of a 
washing station will be inhibited to 
coincidence, and the effectiveness which 
eliminates the effect of the fall on the 
design degree of freedom in a clean room 
design will be done so. 
[0086] Furthermore, since a means to 
detect the fluctuation element about 
cavitation generating and to control a 
pressure is established, the effectiveness 
of realizing reduced pressure by the 
optimal control pressvire for particle 
removal will be acquired, and it will ** to 
improvement in the yield of the 
above-mentioned semi-conductor product 
further. 

[0087] As mentioned above, according to 
this invention, the effectiveness of the 
particle removal leading to the defect of a 
semiconductor chip increases, the 
dependability of a semi-conductor 
product and improvement in the yield are 
attained, and it is very large invention of 
the effectiveness on industry. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] It is drawing of longitudinal 
section showing the configviration and 
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operation of a washing station of the 1st 
operation gestalt concerning this 
invention. 

[Drawing 2l It is drawing of longitudinal 
section showing a configuration and an 
operation of the washing station of the 
conventional semiconductor wafer. 
[Drawing 3l It is drawing of longitudinal 
section showing the configuration and 
operation of a washing station of the 2nd 
operation gestalt concerning this 
invention. 

[Drawing 4l It is the graph which shows 
correlation with the dissolved 
concentration of the nitrogen in ultrapure 
water, and the number of the increments 
in particle on a semiconductor wafer. 
[Drawing 5l It is the graph which shows 
relation with a pressure [ in reduced 
pressure shielding in the 1st example of 
the washing station concerning the 
invention in this application ], and a 
particle elimination factor of 0.2 
micrometers or more. 
[Drawing 6] It is the graph which shows 
the comparison with the relation between 
the depth in the washing tub in the 
conventional technique, and the specific 
resistance of ultrapure water, the depth 
in the washing tub in the washing station 
concerning this invention, and the 
relation of the specific resistance of 
ultrapure water. 
[Description of Notations] 

1 21 Washing tub 

2 22 Feed hopper of ultrapure water 



3, 23, 51 Semiconductor wafer 
4 24 Ultrasonic transfer tub 
5, 25, 55 Ultrasonic vibrator 

6 26 Ultrapure water 

7 and 27 overflow ■■ stream 

28 Ultrapure Water Supply Pipe 

31 Reduced Pressure Shielding 

32 Decompression Device 

33 Duct 

34 Pull-up Equipment 

35 Pressure Controller 

36 Pressure Sensor 

37 Dissolved Gas Concentration Sensor 

38 Signal Line 

39 Inverter Equipment 

40 Blower 

41 Pump 

52 Wafer Chuck 

53 Wafer Rotary Motor 

54 Penetrant Remover Regurgitation 
Nozzle 

56 Load Lock 

57 Waste Fluid Interim Storage Tank 

58 Waste Fluid Bulb 

59 Reduced Pressure Pump 

60 Reduced Pressure Chamber 
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<Dm^m 1 <Dmm t mm(om^^n^ r t i)>-^m t ^£ 

[0 0 3 0] s^c. t»5^^«4ro^p^^c*^^,^T«. ttrlEJS 

[00 3 1 ] Sfc, tS*JB5(D^P^(c:*3i,>Ttt, mJlEffi 
^ffi^Sb^^^lgli. 5 0 0 o-^/ix>;/jjiJh©ffi^jS^ 

[0 0 3 21 S3t, if*JI6(7?^BJtc^o^^Tli. milEgfe 
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[0 0 3 3] Sfc, rt*«7CD^?^{Cfcl/^THv 

[0 0 3 4] t|5|e^8*5j;?J«9<D^PJlC*;i>T 

;^<Sr^J»-t-2){t-§-^^*llEMffilg4#^(;ittl;^-t-51E;/j{6iJ 
[0 0 3 51 (t»*:3Si 0) j±, Hute 

[0 0 3 6] li^ii^^^m^^^^.. m. 

ii. J;l3#<©dr^t7^-v'3 V^^^^-frSClii&Sx- 
[0 0 3 7] Sfc. tSjfiJBl l©^l^(Ciol/^T^4. Hute 
CD Rji: ^ 0 5 :i i: ;iS ol^ t 5 „ 



(5) 

[0 0 3 8] ^fc. i«*3Sl 2<D^BJlC*5V>Tfi, mTlS 
[0 0 3 9] ^fc. »*3Sl 3(0^|^f;i*DV^Tf4. mifS 

[0 0 4 0] 4fc, li*:35i 4<o^P^^cdo^^-C(±. huIE 

[0 04 1] *|g0Joi^^j»«jaSB (lt*3Si 

[0 0 4 2] d-;6-S^«fls:SS{^J;tbf4, a^ifei^jf^^ 
TLX. S«^C0g^®?^t:)K^^SrKJhL-oo, ID^lc 

[004 3] 

40 i^m<Dmm(Dmm] 

i^itW 2 1 t . fi^jSeiSIt 2 4 t . Mffiv'-zU K 3 1 
3 5 tt:mx.X\^^^o 

[0 0 4 4] ^mMBmcio\,^xii. mm<o-^t 
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[0 0 4 5] mi ^;l*Jv^T, ^mw^=^-''^^^Wir^ 
□ 22 J: 9gfej^W2 1 i^[cfi*E7K2 6dST*-d^fe±:^^ 

[0 0 4 6] j^, ^HJSfl^fllH, ;r-/^-7o-y 

[0 0 4 7 J mmm^W2 1 wjiiaicifi, m^^&^mi^ 
W2 ip^ui^mmir^tiii><Dm'^m^mm2 4tmnh 

tlXiS'O. m^&mmW2 4<DT^{Zii. 5 00 

drD^/w^yj^iroS^JSSr^^^*, mIfSi5fci^«2 1 

[00 4 8] i^, *3IMJl^fl8T-(i. )!5fei^W2 l SrS^S 

[0 0 4 9] ^fc. i5E#ffii L-CfflV^t3n5a/i5fi7k2 6 
[0 0 5 0] j^. ^i^JKi bTffifflT'#5<^(4. 

[0 0 5 1 1 ;4>;4^S^iNe7K{-> T>'V=''V (A 

r) . -^])<^M. (He) , 7K*^(Dffir:if ;^ Sr^^^P-Ttu 

[0 0 5 2] iJfci^W 2 1 S:0S^JSeii^f 2 4 (D±mc 
tt, M#$rQffl-r2) J; 5 {cMBE V— /I- K 3 1 dSfgtt hti 
Ti/>5, i^. :::i-c-^ISt (4. IIli{c^i-J;5tc. ±:fj 

K3 1 t , @#ftejiW2 4 tWPflPgtt. gfeif^W2 1 ± 
gB;4^?>S^i^ea<f 2 4±gBS:M* b-CfiSm-rS:^-^^ 

[0 0 5 3] ^HJSJK^tt. 3^-/<-7D-iE^K2 
7 (c J; 19 m&>'-^^ Krt Sr v-/u-r 5 r i J: o TiSffi 
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If 2 4 ^<*:>SrJ)^ffi->-/v K 3 1 J; o T^^^^-rS J; 5 

[00 5 4] MffV— K 3 1 {4, y ^ h 3 3 {C i t) , 
Mffiig*3 2(cm$HT*Jt9. i^JE^«3 2f4. 
/^-^'iSas 9 -Y^^/<-<5'ga3 9}Cif9^1fj$*L 

7'P!7-4 O i:S:WLTl/^-5<, -YV/^— 3 9 fi, 

[0 0 5 5] 5l-b(f^a3 4(4, Mff >— K 3 1 (D± 

[0 0 5 6] !£timmBW 3 5 (4, MJIv'-zV K 3 1 1^ 
^tc«^$ttfcflE;'3lr>'f— 3 6. *5J:t5SM*tt^t= 
2 8rt®};i*t$$;}x^cS*fi7K'4^^#:«f:^iga[-fe>-i^-3 

4XT*5 1) . JE;^J$)JfflIg« 3 5 (D-Mt. n&^m 32 t 

(or^h'^tt <o , mm&mm 3 2 izn lt. 

[0 0 5 7] :$immmmii. ^^^'^^-^^m^m 
(ommizjfsi-f^. #wz<s/^*-^, ¥ifz^s'^*st<ov> 

[00 5 8] ^ LT. *^BJ(c:-»5i5feit:^j£(4, »«tc 

[00 5 9] ^^m\cm^^mi^mm.it. ^miz 
<s:Mffi-rsx@t, m&'^mrx'm'^mmwii:m^miz 

[0 0 6 0] *||Jfefl^ffi(4. ±IEcD J; 5 liffifig$tUT*5 

^il^^^^a.-/^2 3§rlS:e-r5» jSt^SrW^^-t-'StC^tSlo 

Kl^m LTV>fc?|±tf ^« 3 4 ;65T*(C#i!|-rs r t Cl 
ioT, ?lifcJEv'-/V'K3 1J)S, j5fci^«2 l*Jj:U5a^& 
ei8ffi2 4«±:^SrSiai-So 
[0 0 6 1 ] il^^^^>^-z>©j^#fKT'fc.5iS*E7K2 6 
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So mm'^m3 2n. ^(om-r^4 >'y<-^mm3 9K 

Sr^^k^-frSo yDl7-4 0(C/5^^X, i^JE/KVT' 

[0 0 6 2] MJ£^9.3 2<D*i-57'p y— 4 OCOIhISg 
icj;?), ^i!' h3 3SriiiDT?aiEv'-/i'K3 IrtgBcD;^ 

3 1 i@^feeii«2 4$rv— ^i'-t-2)fc«), MEEi^-^i- 

[0 0 6 3] f^a. jl^ffiV— K3 1 rtrojEj/jf-JloT 

CTMff K 3 1 tm^i^BmW 2 4 coPb^cD;*-- 

^<-7n-»ft*2 7S:7}?V7°4 1 l;iJ;t)Si?U ^ttiLT 

[0 0 6 4] ;0^;0^Si^JE^ffi{cfo5MJEv'— /V'KrtrojE 
;'3f±, flE;'3-br:/f— 3 etcj; f), m-8->IS3 8 SrilDrffi 

^mm^ma 5izm^^ti?>. ^fc, j?c#if 2 1 rttr^w 

irv-t^— 3 7t;iJ:?3, gijcoff 3 8 ^ilCT, -^(±9 
ffi;'jSiJ»^a3 5^c:ii^$^^5„ JE;^^J^iSB 3 5 {±. 

ii^^i£;^^^^»t^L, MffigB3 2 (cMLxff -§-«S3 8 

[0 0 6 5 1 i?/w^*lCjy-r5*ii)^i]E;^t±. 
to Nr,!^ -e«t^ ^ S Si^TK 't' cD^ff ;^ w jg* };i ct o 

[0 0 6 6] ^mm^^rnKxtiit. wTro3ts6<j^»d5 

i t) . m^mt Lr^#^^igS/6S 1 O p p mTfcSS 

mA^^my'K m'^^m^^'^^x^m^'> :^-^^(om^ 
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l&ftigSH^i^ 2 0 p p m-C-fc5„ 
[0 0 6 7] mttCigJb-C, ^ffg^JgS^S 
1 Op pin-C-fo5@*e*Srfflv\ [gll(c:^i-;*:^PJ{c^ 
5i5fe#ggt:iJ;«?. 8 5 0 k H z cD^^jgtgKi^T'ie^ 

Um^m.3 5 ICJ; i^Mffii^— /I' Krt5r 5 0 k P a 

tt. 8 0%£;±i:filfii^i<j{c:rS]JLLfc<DT'fcS<. 
[00 6 8] Sfc. |§15H. ;*:|IJ£j|5^{:iJo(/NT, 
TRSrftfflL-CJSiE'y— /V-K3 lrtcDJBE;^(D^-fki:0. 2 

<D*-^{C*3V^-C(4, 6 0 k P a d^b»^fe*dSASI[(;:±# 
5 0 k P a T'8 3%tcaLT. 4 0 k P a T'^*tt 

^^*q LT, BufBjE;^;*iJ^ySg 3 5 icij; tJMJEEv'-zV Kl^ 
i{i5*igjE;/3 SiJP $ ix S © T' 5 „ 
[0 0 6 91 laeti. t**iSW(-*3it?)i5fe#Wrt 

a^eici *5 (t S i5fej#^^trt t SM* CO JtffifeiW i 

o^§,mm:ff:^. m^f£co2 ommAm±$tix\^^^tz. 

h^^^mi^^:^-^^<^9ci^(r>mmx\ l¥TJ«:*:«^>J; >9 c 
-efcSo *^PJ^c:4ol/^•c. ^5t^#^^^c?Sffi 

±(r)^m^Wi.m'^w>i^mm-r^z.t\cx^x. a^^-so 

2^C02 (O^^B^5E5±^tV, t«eoT, 9cjf-^{c*;it5 

[0 0 7 0] ^2 (Dmmmm 
m^. w.2(ommMmi^m3\zm-i\^^xm^-ri>. 

[0 0 7 1 ] l2]3(:iiol,^-C. ^^l^td'^S^^ft^li^i- 

^?^-^^5=■■V-y^5' 5 2 t ', Stj^JSEfrtttiy XyU 5 4 
llfK-Npi^Wi^V^ 5 7 Mffi^V>^5 9 M 
iE^-y 6 0 i: Sr{ix.Tl/^5o 
[0 0 7 2] ^^'^■r 5 2f4, ■i'^n— /NlHie^ 



t# IS ¥10-335294 



13 

[0 0 7 3] ^'^-^^^•^•yi5' 5 2iBj;r;?)^ifK?SPtm/ 
^fc. i^i3EzKv>^5 9(4. mm-^^<s^'^^ 5 7 ^^r^^^ 

[0 0 7 41 ±fEcD J; o izW^^tlXio 

fcwn- Kd s/^ 5 6 SrMV^T. ¥^fls:^>3^-^^^«SA 

Kn-;/^5 6. S^mCX^ i^JEE^-V>'/^ 

-6 0[^Sr*K:Kffii: Mff^>'7'5 9 5r^|||$-& 
®£Eg"-v>/^-6 0(Drt^^:*:^ffeATJ-MH-f- 

[0 0 7 51 j)Sffi^-Y>^<-6 OI^>45, K;^JE;^;*-r'?lS 

[0 0 7 61 ^^^^^/c^-/^cDi5fe^^ii5|^TLfc^PtT^ 
SrffJtL. $P>{c:Mff^v:7-5 9(D^i!iSr1fihLT. M 

[0 0 7 71 ^(Ox2- Kn -y ^ 5 6=&M#v iSfcif^^ixfc 
:p^5 5SrM#. ;^^-Nf«'i=^5':/;? 5 7t;iBfii)bixfci5fc 

[0 0 7 81 i^, *3iisji^ffitc*jv^T'b. mi<ommm 

ic*ig^eSiJffl]JEEij{c: J; 2,MflESrl5iai-5 :i i 2)o 

[0 0 7 91 ^mmmmcxHtf. m i »ig:teff$®2)5t> 

[0 0 8 01 

[0 0 8 11 En*>. m^^i&mmiF-^Mcmir^m^'mm.i^ 
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(om^:ff:^^i&r^-^tc'^mx<om^i^mm^^\'^x 

Z i:i)iX^ 

[0 0 8 2] mm^. mi^^i^i^n^±n.'pf)^hco^m 

[0 0 8 31 *fc. SW&ftifSr;^;<f-^^V'5'^^fei5t# 
xfroo:>X. if ir—'^ — ^i^ ^>"f^ :<ikT(r>W^-^i'>< 

(oWit, &^mc^(om.i¥(Di^—it^^=bzt7i^x'%^^ 

20 (0 0 8 41 gfcj^?SSr:^-^^-7n-ft^L/i;JS 

X'^ ^iS}^:Amhti^o 
[0 0 8 5] Hid, ^-^^-7n-i5fc#fSg#-eM£E^ 

[0 0 8 6] MIC, =3f-y t'r— v-a i/^^itcH-rs^S) 
[0 0 8 7] W±wJ:5tc. ^^PJtcittff, ^m^^'^ 
[|21ffi<75fB!Wj:Iftl^l 

[m 1 ] *^Bjic#,5i5fe#3S««m 1 (Dmmrmnm^ 
[1212] ^S5l5©ii^^^fls!?^-/^(Dsfe^^^tt®^flfi£;*J<tTJ' 

[0 31 *|gBJ(C-^5iSfcj^SttW^2(D|lifeJi^fl8(D«^ 

BO [1114] mm.i^^<o^m(o^^^mii^m\f^^ =^-^^±. 
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